The synthesis of 9-aryl substituted acridinedione derivatives was achieved by employing nano ferrite catalyst under solvent free conditions. XRD and TEM results exhibits cubic phase of maghemite (γ-Fe 2 O 3 ) with average particle size of 20-25 nm. Catalytic activity of the nano ferrite was explored for the synthesis of acridinedione. The present approach offers several advantages such as short reaction time, easy purification, high yield and reusability of the catalyst.
Introduction
Acridine derivatives have a wide spectrum of biological activities such as antibacterial, anti-cancer 1 , anti-malarial 2 , antifungal 3 , anti-tumor 4 and cytotoxic activities. For example Amsacrine is an antineoplastic agent. Natural, synthetic acridines and their derivatives are effective DNA and RNA-binding compounds owing to their intercalation abilities as well as being a lipophilic carrier molecule 5, 6 . Synthesis of Acridinediones is a continuing focal point of current research because these moieties are active pharmaceutical ingredients (API's) and also valuable reactive intermediates for both synthetic and medicinal chemists 7 .
Literature survey reveals that various methods 8 have been reported for preparation of acridinediones and substituted acridinediones. The reported method (Scheme 1) for the synthesis of 3,4,6,7-tetrahydro-9-phenylacridine-1,8(2H,5H,9H,10H)-dione involves the reaction of two molecules of dimedone (1,3-cyclohexane) with various aromatic aldehydes and ammonium acetate by using different Lewis acid catalysts 9 . However many of these catalysts undergo disadvantages such as long reaction time, high catalyst loading, use of solvents and deactivation of catalyst on repeated use. Hence there is a need to develop an environmentally benign protocol for the synthesis of acridinediones.
RESEARCH ARTICLE
Though there are many advantages of homogeneous metals catalysts there are some difficulties in recovering the catalyst from the reaction mixture, which severely inhibit their use in industry. Heterogeneous catalyst effects in easy separation and recycling of nano catalyst. Recent reports showed that magnetic nano particles are efficient catalysts and they can be easily separated from the reaction mixture 10 . The high surface to volume ratio of metal oxide nano particles is mainly responsible for their high catalytic performance. Ferrite nano material is one such reusable catalyst which shows profound catalytic activity in organic synthesis. Nano ferrite is a non-hygroscopic, inexpensive, non-toxic material, which has been utilized as a heterogeneous catalyst for various organic reactions. This method offers advantageous such as short reaction time, recyclability of the catalyst and easy work-up procedure. In this study, we report a simple, efficient, and one-pot reaction of 1, 3 cyclohexanedione, aldehydes and ammonium acetate using nano ferrite at 120 o C for the preparation of acridinediones and their derivatives. Experimental 1, 3-Diketones and aldehydes were obtained from Aldrich chemicals. Melting points were determined on a Buchi 504 apparatus and were uncorrected. IR spectra were recorded in KBr pellets on a Nicolet (Impact 410) FT-IR spectrophotometer. 1 H NMR and 13 C NMR spectra were recorded on a Varian Mercury Plus 400MHz NMR spectrophotometer using tetramethylsilane (TMS) as an internal standard. Coupling constants are expressed in hertz. The progress of the reaction was monitored by thin layer chromatography (TLC) that runs on silica gel G (Merck).
Preparation of nano-ferrite particles
Fe(NO 3 ) 3 ·9H 2 O, polyethylene glycol (PEG2000) and potassium chloride (KCl) were of analytical grade. Double distilled water was used in preparation. The preparation procedure was as follows: Initially, 0.006 mol Fe (NO 3 ) 3 ·9H 2 O was dissolved in 100 mL aqueous solution of PEG2000 with a NO 3-/PEG2000 molar ratio of 1. Then, the desired amount of KCl was added to the above solution and the resulting transparent solution was thoroughly stirred by a magnetic mixer at 70 o C until a homogeneous sol-like solution was observed. Afterwards, the sol-like solution was dried at 100 ℃ for 24 h. The obtained gel was placed in a silica crucible and heated in air until the gel was ignited. The ash-burned powder was boiled in deionized water to remove the salt. Final product obtained after filtering was washed with deionized water and ethanol, then dried 11 at 80 o C for 2 h.
General synthesis of 3, 4, 6, 7-tetrahydro-9-phenylacridine-1, 8(2H, 5H, 9H, 10H)-dione
A mixture of 1,3cyclohexanedione (2 eq) (1), substituted aromatic aldehydes (1 eq) (2), Ammonium acetate (3) and Fe 2 O 3 nano particles (15 mol%) were stirred at 120 o C in an oil bath for the prescribed time. The completion of the reaction was monitored by TLC. After completion of the reaction, the reaction was cooled to room temperature to attain a solid product. Then the product was dissolved in ethanol and the catalyst was recovered by magnetization. The crude products were further purified by recrystallization from ethanol. All the synthesized products were characterized by IR, NMR and Mass spectroscopic data and their melting points were compared with authentic samples.
Results and Discussion
Synthesis of 3, 4, 6, 7-tetrahydro-9-phenylacridine-1,8(2H,5H,9H,10H)-dione using Nano ferrite Initially, a blank reaction was performed using benzaldehyde, cyclohexanedione and ammonium acetate (mole rate 1:2:1) at 120 o C in the absence of nano ferrite to establish the efficacy of the catalyst and the results showed that desired product was not formed even after 12 hours of heating. Then focus was diverted to optimize amount of catalyst and solvent effect. In order to evaluate the most appropriate catalyst percentage, a model reaction using benzaldehyde, ammonium acetate and 1,3 cyclohexanedione (mole ratio1:1:2) was carried out using 0-20 mol% of nano ferrite under solvent-free conditions (Table 1) . It was found that 10 mol% of nano ferrite showed high yield in short reaction time at 120 o C (Table 1) . During our ongoing studies, effect of solvent was studied for the above model reaction with 10 mol% of catalyst (Table 2 ). Ultimately solvent free reactions were preferable in terms of excellent yield in short reaction times. The catalyst was recovered by magnetization after completion of the reaction, washed with diethyl ether and the recovered catalyst was reused for four cycles. During washing with the solvent, it was observed that there was no leaching of catalyst and was confirmed by performing the reaction with the filtrate. From our investigations, we observe that nano catalyst shows excellent to good reactivity with promising yields even for the next four cycles in the same reaction (Table 3) . Under the optimized conditions, aromatic aldehyde (4a-4j) containing electron donating as well as electron withdrawing groups with different substitution patterns were effectively cyclized to give 3, 4, 6,7-tetrahydro-9-phenylacridine-1,8 (2H,5H,9H,10H)-dione (Table 4 ). The Fe 2 O 3 nano particle catalyst plays a crucial role in the success rate of the reaction. In the absence of the Fe 2 O 3 nano particles the reaction of 1,3-cyclohexanediones (1) and benzaldehyde derivative (2) could be carried out, but no product was obtained, but in the presence of catalyst, product was formed within a short reaction time. Since metal oxide play the role as a heterogeneous catalyst in many chemical industries and the rate of reaction on the catalyst surface depends on the total surface area and the number of active sites on the catalyst, a good catalytic activity was obtained from smaller partial size and high surface area of the catalyst. The crucial role of Fe 2 O 3 nano particles as a good catalyst was obviously revealed.
Conclusion
A convenient and highly efficient method for the synthesis of 3,4,6,7-tetrahydro-9phenylacridine-1,8 (2H,5H,9H,10H)-dione by condensation reaction of aldehydes with 1, 3cyclohexane-diones by the use of nano-Fe 2 O 3 as an inexpensive and easily recoverable catalyst has been described. The attractive features of this synthetic protocol are easy work up procedure, operational simplicity and reusability of the catalyst. Furthermore, products were isolated in good to excellent yields.
